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It has been stated in the literature  that  the vegetative form of the 
dysentery ameba dies within a few hours outside of its host and forms 
no cyst.  In a study made in 1917, the author has observed, however, 
that  the  large  vegetative ameba  of dysentery is  transformed  into  a 
smaller  vegetative form,  and  that  occasionally it develops in vitro  a 
tetranuclear  cyst.  Proliferation  takes  place  in  fecal  material  con- 
taining blood and mucus.  On the basis of these experiments we may 
conclude that the process of encystment of the dysentery ameba and 
change from the vegetative form proceed in nature in a manner similar 
to that  observed in specimens taken from the host.  The latter fact 
is most significant in the prophylaxis of amebic dysentery. 
Material and Method of Investigation. 
The  previous  finding  that  the  dysentery  amebm  obtained  from 
bloody, mucous stools die if left to themselves is perhaps attributable 
to the fact that  the bacteria  also contained  in the fecal matter pro- 
liferate and inhibit the life of the amebas.  We arrived at this theory 
on the basis of observations made in the cultivation of lung distomas. 
It was found that if tap water is added to the sputum containing  the 
eggs of lung distomas, and  the specimens are kept at a suitable tem- 
perature,  with a  daily renewal of upper water, in due time miradidi~e 
develop.  If,  on  the  other  hand,  the  water  is  not  renewed,  it  soon 
putrefies  and  the  eggs  die.  In  analogy  with  these observations on 
lung distomas, we have studied the organisms of amebic dysentery. 
The material used for the investigation consisted of bloody, mucous 
stool obtained from a patient who had been under personal observa- 
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tion  in  the  clinic  for a  number  of years.  Notwithstanding  various 
methods of treatment,  this patient never evacuated normally formed 
stools,  his  discharges  being  always  soft,  or  bloody and  mucous  in 
character.  It was possible to find in the feces numerous vegetative 
amebic forms,  but a  cyst was not observed, nor could we find  other 
types  of  ameb~e. 
In  the  experiment  various  fluids  were  used  as  a  medium;  i.e., 
tap  water,  Ringer's  solution,  isotonic  salt  solution,  ascitic  fluid, 
dilute  bouillon,  etc.  These  proved,  however,  to  be unsatisfactory. 
One part  of horse  serum with  four parts  of Ringer's  solution, occa- 
sionally with the addition of red blood corpuscles, gave good results. 
•  The apparatus for the experiment was kept at a temperature of from 
22 ° to  27°C.  Under  these  conditions  the  multiplication  of bacteria 
is relatively meager.  The ameb~e as a rule creep about in the medium. 
The ectoplasm is glassy in appearance,  and there is less formation of 
vacuoles than  at higher  temperatures.  The success of the study de- 
pends on the condition of the fecal matter.  Bloody, mucous material 
containing numerous ameba~  is most suitable.  With the use of por- 
tions of formed stool, success is more difficult, possibly on account of 
the  scarcity  of amebze  and  also because  of the  abundant  intestinal 
flora present in such material.  A  small portion,  the size of a  hemp- 
seed, was deposited in a test-tube, and the fluid medium poured in by 
means of a  regulated  apparatus.  When too large a  particle  of fecal 
material is taken the result is less satisfactory. 
Text-figs.  1 and 2 illustrate the apparatus employed.  A represents 
a reservoir, B a funnel with sterilized, burnt cotton plug, C a glass rod 
attached  to a  rubber tube (I), which carries the fluid from the reser- 
voir.  D  is a  stop-cock by means of which the velocity of the flow is 
controlled.  E, F, G, H, J  are  smaller centrifuge  tubes with  rubber 
corks  which,  as  showlx  in  the  drawing,  are  connected  by means 
of  glass  capillaries.  D t  is  a  stop-cock  to  control  the  flow  of  the 
fluid when removing the tubes.  The capillary which introduces  the 
fluid is inserted into the lower depth of the tube, while that for drain- 
age is inserted nearer the surface of the fluid.  In this way it is pos- 
sible to effect a renewal of the fluid, without draining off the ameb~e. 
An  apparatus  constructed  according  to  Text-fig.  1  is  more  satis- 
factory in this respect than that shown in Text-fig. 2. KAZUYOSHI  YOSHIDA  389 
TExT-FIGS.  1  and  2.  Apparatus  employed  for  the  cultivation  of  amebm  in 
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After  sterilization  of  the  entire  apparatus,  A  was  filled with  the 
fluid medium.  A small amount of bloody, mucous stool was deposited 
in  each  of the  test-tubes and  covered with  the medium or Ringer's 
solution.  All  the  tubes  were  then  closed  by  rubber  corks.  The 
container was placed on a  somewhat higher level than the test-tubes. 
When  making  the  preparations,  the  desired  test-tube  was  removed 
from the apparatus  and  the material  taken  from the bottom of the 
tube.  Occasionally the  material  does not  adhere  well,  so that  it  is 
necessary to place egg white glycerol on the cover-glasses. 
The ameb~e were studied in fresh preparations placed in a box which 
could be heated, and also in fixed and stained specimens.  Su'blimate 
alcohol was used for fixation,  and  iron hematoxylin for staining,  ac- 
cording  to  the  method  of Heidenhain  and  Delafield.  Examination 
of the ameba~ in fresh and fixed preparations was made at intervals of 
5 hours and later  twice a  day; i.e.,  in the morning  and  the evening. 
It is necessary to have several sets of material in order to make con- 
secutixe daily examinations,  for the supply is soon exhausted as the 
mass of fecal matter in the test-tubes is small. 
Since  January,  1917,  twenty-five  examinations  have  been made, 
nineteen  of  which  were  carried  out  according  to  the  method  de- 
scribed  above.  The  viability  of  the  dysentery  ameb~e  fluctuated 
between 36  and  72  hours,  the  average  being  51  hours,  as shown in 
Table I. 
Six experiments were carried out under anaerobic conditions, with 
the addition of 1 per cent boric acid as a medium, at body and room 
temperatures.  The latter experiments,  however, were  unsuccessful. 
Changes  in  the  Morphological  Properties  of  the  Vegetative  Form  of 
Entamo~ba tetragena  in a Fluid Medium. 
The  distinction  between ectoplasm  and  endoplasm  is  clear  in  all 
stages.  With  unskilled  technique,  at  a  high  temperature--which 
produces  an  abundance  of  bacteria--and  with  the  use  of  various 
other fluid media,  many  of the  ameb~e  show a  markedly developed 
endoplasm, and a small and barely distinguishable ectoplasm.  Some- 
times the organisms have a large meshy structure,  as in Fig. 2, owing 
to the presence of several vacuoles.  This, however, is not the normal 
structure; it resembles that of the degenerative form of Hartmann. KAZUYOSHI  YOSHIDA  391 
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Movement  takes  place  as  a  rule  by  means  of  hernial-sack-like 
pseudopodia.  5 hours after starting the experiment, particularly at 
body temperature, another mode of amebic movement is often seen. 
This consists in a forward motion in a definite direction by means of a 
single,  homogenous pseudopodium. 
Size of Amebce.--Thirty ameba~ in fresh  and  stained  preparations 
were measured at different periods.  It is well known that there are 
two vegetative forms of the dysentery ameba--the large and the small. 
The first is transformed into the smaller form and finally into the cyst. 
It is clear from the tables of the experiments made in vitro that all the 
ameba~ decrease in size in the course of time, the reduction proceeding 
rapidly or slowly according to external and internal conditions, such 
as temperature, bacterial contents of the'feces, v,lscosity of the medium, 
light,  etc.  Hence ft  is  not possible  to  give average  dimensions at 
certain periods of the experiment.  The small ameb~e are on the whole 
of uniform size; in  fresh preparations  they measure 13  to  15#,  the 
smallest being  7.5#  (Tables  II and III). 
The process of reduction in size may proceed in four ways as de- 
scribed below. 
1.  On the posterior side of an elongated ameba moving forward by 
a single p~eudopodium the cell wall is observed to be missing, and the 
granular endoplasm appears to be in immediate contact with the outer 
medium  (Fig.  14).  Kuenen  and  Swellengrebel  (1913)  observed  a 
similar phenomenon in' the  histolytica  type  of Entamoeba tetragena. 
These authors, however, failed to interpret their observations.  This 
posterior part of the ameba is viscous in character, a condition which 
serves well for the taking in  ~  of various nutrients, such as red blood 
cells and bacteria, and also for the expulsion of excreta.  The process 
of ingestion can be observed readily in fresh preparations by placing 
with a  fine pipette  a  drop  of blood  at  the edge of the cover-glass. 
The reduction in size takes place by the extrusion of granules through 
this channel. 
2.  The  mononuclear  ameba  becomes  elongated  and  loses  its 
motility, without, however, assuming a globular form; it is then con- 
stricted in the middle and divides in two.  The part containing the 
nucleus resumes its movement and crawls along, while the other part 
finally disappears (Fig. 15, a, b, c, and Fig. 16). t$ 
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3, a,  A  bud-like  structure  is  occasionally  seen  at  one  or  several 
places on the  surface of an ameba in  the process of nuclear change. 
These  buds  separate  from  the  main  body  through  the  action  of 
pseudopodia (Figs.  17 to 19). 
3, b.  A  similar  procedure  takes  place in  the  small  forms,  in par- 
ticular shortly before death or encystment.  When the conditions of 
life are unfavorable,  the ameba~  become globular in form and immo- 
bile.  Masses of protoplasm  at various points on the surface become 
constricted and separate from  the main  body (Figs.  20  to 22).  The 
peripheral  chromatin  zone of the nucleus becomes gradually broader 
and the nucleus extrudes large masses of chromatin into the cytoplasm. 
These particles of chromatin in the cytoplasm increase  until  they fi- 
nally fill the entire plasma in the form of chromidia.  At the same time 
the  degeneration  of  the  nucleus  takes  place.  The  degenerated 
nucleus lies near  the periphery,  and has the appearance  of a  faintly 
stained  flat  disk  or  an irregularly  shaped  nuclear  membrane.  The 
constricted  globules  measure  from  3  to  8/~  in  size,  and  are  fairly 
refractile.  They are  at  times yellowish in appearance, contain vacu- 
oles,  and  are  hyaline  or granular  in  structure.  The  colored  speci- 
mens on the whole take hematoxylin stain well and sometimes show 
chromatin  masses  (Figs.  21  and  22). 
This  process  resembles  the  description  given  by  Schaudinn  and 
Hartmann  on  the  cyst  formation  of  Entama~ba  histolytica.  Dr. 
Akashi of our clinic and other workers have also observed this reduc- 
tion in the tetragenous ameba. 
4.  Before encystment  the ameba divides into two daughter amebas. 
It is possible that this is a mode of reproduction, but as the organism is 
reduced in size during the process, we have included it here. 
Six main forms can be distinguished with respect to the behavior of 
the cytoplasm and the nucleus. 
1.  Large vegetative form. 
2.  Vegetative transitional  form; i.e., in  the  process  Typical forms.  of nuclear change. 
3.  Small vegetative form. 
4.  Large form. 
Atypical forms.  5.  Small form. 
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Forms 2, 3, 4, and 5 may be subdivided into chromidia-containing 
and  non-chromidial  organisms. 
The  following diagram  shows the  transitional  stages  of  the  large 
vegetative form into  the  cyst. 
Large vegetative form 
Transitional form  ~ Large atypical form 
Small vegetative form------~ Small atypical form 
--~~"~  Cyst e  f~ 
Large Vegetative Form.--As already stated, this is found in bloody, 
mucous stools.  The nucleus usually shows the characteristic  of the 
typical Entameeba  tetragena  as described by Hartmann.  It  appears 
as a spherical vesicl~e and has a distinct karyosome.  On the inner side 
of the nuclear membrane  are many small  chromatin  granules.  The 
achromatic  zone  outside  the  nucleus  has  a  meshy  linear  structure 
in which chromatin  bodies are imbedded.  The chromatic  substance 
is foun  d  frequently at  the outer edge of the karyosome area,  in  the 
middle of which a centriole is visible (Figs. 1 and 28 to 31). 
Intermediate Form.--A few hours after starting  the experiments  a 
morphological  change takes place in  the organisms,  and particularly 
in  the  nucleus.  This  has been called  the  intermediate  stage or  the 
stage  of nuclear change  (Figs.  2 to 4).  The  size of these  organisms 
varies from 18 to 30/~. 
In  fresh preparations  the  nucleus  appears  enlarged,  since  in  the 
course of the  amebic movement  it becomes somewhat flattened;  no 
such enlargement,  however, is observed in fixed and stained prepara- 
tions.  On the inner side of the nuclear membrane a definite increase 
of chromatin  takes place, which makes the nucleus more conspicuous 
and  the  periphery  more  distinct  (Fig.  52).  The  nucleus  readily 
changes its form with the plasmic flow.  There is an increase in the 
number of granules in the endoplasm, but no increase in the number of 
vacuoles.  The  motion  is  at  first  active,  but  decreases  gradually. 
The ameba are frequently found in compressed masses. 
In  stained  preparations  the  nucleus  is,  as  a  rule,  spherical,  at 
times  pear-shaped,  infrequently  polygonal.  It  is  usually  located KAZUYOSHI  YOSHIDA  397 
eccentrically on the border-line of ectoplasm and endoplasm.  As a 
rule it is rich in chromatin.  Sometimes the nucleus takes a  diffuse 
intense  stain,  but  the karyosome, nuclear membrane, etc.,  are dis- 
tinct when the preparation  is decolorized.  The enlargement of the 
karyosome is  characteristic of this  stage.  In  the center appears  a 
centriole.  One  may  observe  various  stages  of  the  cyclic  process 
(Figs.  32  to 49).  The chromatin outside the nucleus is particularly 
well developed.  It occurs in particles and crescent- and ring-shaped 
bits.  The meshy network of the nucleus is at this  stage rather in- 
distinct.  The cytoplasm stains  brown with hematoxylin and eosin, 
because of the chromatin which has migrated from the nucleus, in 
consequence of the cyclic process. 1 
Small  Vegetative  Form.--After  from 15  to 25 hours, the forms de- 
scribed  above  are changed  into  small vegetative ameb~e  (Figs.  53 
and 54).  These organisms, found in the stools during convalescence 
from amebic dysentery, have been classified as belonging to the small 
vegetative form by Dr. Akashi of this clinic.  Kuenen and Swellen- 
grebel have referred to them as the "minuta"  form.  The organisms 
measure 10 to 18#. 
Large and Small A typical Forms.--Occasionally  we find among the 
intermediate and the.small vegetative forms, organisms with atypical 
cytoplasmic and nuclear characteristics.  The changes in the nucleus 
of these  ameb~e  are particularly  conspicuous.  The  large  organism 
which develops from the intermediate form has been called the large 
atypical form (Figs. 55 to 59), and that evolving from the small vegeta- 
tive form, the small atypical ameba (Figs. 60 to 62).  The large atypi- 
cal form then proceeds to change into a small atypical ameba.  These 
two forms are identical with respect to the structure of the nucleus 
and  cytoplasm, with  the exception that  the  small atypical form is 
sometimes transformed into the cyst, while the large atypical ameba 
does not pass into this stage directly, but is first reduced to the small 
atypical form.  Hence we may find the picture of cell division more 
frequently in the former than in the latter. 
1  The morphology of the amebae described here coincides with Hartmann's 
illustrations  (Arch. Protistenk., 1910, xviii, 207, Fig. 11,  a,  c, d)  of Entamceba 
histolytica.  At this stage one sees numerous atypical nuclei. 398  ENCYSTMENT  OF  DYSENTERY  AMEB3E 
The  nucleus undergoes a  characteristic  change  under  conditions 
unfavorable for the life of the ameba.  It  shrinks  or  becomes  enor- 
mously expanded,  and assumes a  polygonal, dumb-bell, crescent, or 
horseshoe  shape.  No  particular  shape  of nucleus  can be  given  as 
characteristic.  In some  cases the centriole is missing and the karyo- 
some is  hypertrophied  (Figs.  55,  60,  and 50).  Sometimes one sees 
nuclei in which the karyosome gradually becomes indistinct or in which 
a trace of it only remains, together with a nuclear membrane relatively 
rich in chromatin (Figs. 57, 58, and 61).  Again one sees ameb~e with 
an  hypertrophied polygonal karyosome in  an  environment  rich  in 
chromatin and the nuclear membrane hardly recognizable (Figs. 51 
and 56).  Soon one can no longer find the nucleus but only a mass of 
chromatin in the cytoplasm.  The pseudopodia of such structures are 
often visible in stained preparations.  Between this atypical and the 
typical cell structure lie various transitional pictures. 
The two atypical forms show in fresh preparations the differentiation 
of the ectoplasm from the endoplasm.  During motion broad  lobed 
pseudopodia  are  formed  which  consist  of  hyaline  ectoplasm.  In 
fixed preparations  the  cytoplasm always  shows  a  meshy structure, 
irregularly distributed.  That of the large atypical form is coarser ~nd 
less distinct than that of the typical ameb~e.  The cytoplasm of the 
small atypical form stains more deeply than that of the normal forms. 
The morphology of the atypical ameb~e here described corresponds 
completely with that given by Schaudinn, as well as with Hartmann's 
reproductions  of  Entamoeba  histolytica.  Our  ameb~e  resemble  the 
degenerative form of Entamoeba tetragena  of Hartmann, but are  dis- 
tinguished from his by the kind of motility and the differentiation of 
ectoplasm from endoplasm.  They never manifest motion in one direc- 
tion as described by Hartmann for his degenerative form.  Hence we 
have termed them atypical.  In such forms chromidia formation is 
frequently present. 
Chromidia and Cyst Formation.--The intermediate forms, the small 
vegetative forms, and the two atypical forms often become chrom~dial 
organisms in the course of extruding chromidia into the cytoplasm. 
The  intermediate and  the large atypical forms are  changed into 
large chromidial organisms (Figs. 73 to 76,122, and 128); and the small 
vegetative and atypical forms, into small chromidial organisms (Figs. KAZUYOSFII  ¥OSI-IIDA  399 
7, 77, 78, and 124).  The cell changes which have been described in the 
previous section are in the main to be regarded as a preliminary stage 
in the formation of chromidia, viewed from the standpoint of nuclear 
division.  It  is  evident  that  the  nucleus  shows  during  this  stage 
various conditions, i.e. slight changes (for example, in the nucleus of 
the intermediate form and the small vegetative form) up to degenera- 
tion (for example, in the nucleus of the atypical form), inasmuch as the 
cl~romid'a arise through great accumulation of nuclear chromatin in the 
cytoplasm, and the forraation of chromidia always takes place under 
conditions  in  the  environment  unfavorable  to  the  ameba.  The 
nucleus loses its  spherical  shape  and  assumes,  as  stated  above,  an 
indefinite form through being pulled about by the streaming of the 
cytoplasrn.  We  have  here  probably  atypical,  rather  than  typical 
forms.  The chromidial types of the vegetative forms do not,  how- 
ever, seem to show markedchanges of the nucleus; 5 hours after stain- 
ing no pronounced differ,2nces can be observed in the nuclear structure. 
The chromatin is accumulated in a mass on the inner nuclear mem- 
brane, and the nucleus, as the figure shows, assumes various shapes. 
The  chromatin  mass  migrates  through  the  nuclear  membrane  ir~ 
small particles into the cytoplasm (Figs. 3 and 76).  In addition there. 
are numerous other pictures in which the chromatin mass of the nu- 
cleus appears indistinct,  the dividing line of the separate chromatin 
particles is not clear, and the cytoplasm stains intensely with hema- 
toxylin.  The structure is no longer finely reticulated, but fibrous or 
of a  coarse mesh, and the cytoplasm contains variously stained  rod- 
and spindle-shaped chromidia (Figs. 59, 74, and 75).  It is clear that 
these are not the so called degenerative chromidia of Hartmann be- 
cause of the paucity of vacuoles, the nature of the nucleus, and motion 
by means of pseudopodia.  The chromidia may be divided into  the 
following types:  (1)  those present in the cytoplasm in the shape of 
rods; the number varies between one and several dozen (Figs. 56 and 
76);  (2)  small and irregularly formed chromidia, in a mass, comma- 
shaped, wedge-shaped, in zigzag formation, or globular, and located in 
the vicinity of the nucleus (Figs. 70 to 73, and 77); (3)  two or three 
structures of considerable size, such as thick rods, wedges, and spindles 
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Although  it  is  impossible  to  classify  the  chromidia  definitely 
with respect to form and size, on the whole those of Type 1 seem to 
appear in the intermediate forms, i.e.  in  the first stage  of chromidia 
formation; those of Type 2, in the two atypical forms; and  those of 
Type 3  in  the  small  vegetative forms  having  typical nuclei,  and  in 
the  cyst  forms.  The  point  of  origin  and  the  significance  of  the 
chromidia are not yet clear. 
Werner affirmed that the karyosome participates in the formation of the chro- 
midia  of Entamceba  histolytica,  and brought out many illustrations on this point. 
Hartmann agreed with this view, but claimed that the majority of Werner's illus- 
trations  showed  degenerative and  not  genuine  chromidia  formations,  and  for 
that reason the ameba~ having such chromidia could not form cysts. 
The word "degenerative" so frequently employed by Hartmann is difficult to 
understand.  This author in the first part of his  work (1910) established  from 
.~chaudinn's  preparations and preparations of  dysenteric amebic  brought  from 
China, the existence of Entameeba  kistolytica.  In the second  part he writes as 
follows: 
After repeated study of Sehaudinn's as well as my own preparations of Enta- 
mceba histolytica, I have come to the conclusion that with the exception  of one case, 
we have here degenerative forms of Entamoeba tetragena.  This conclusion confirms 
:an earlier surmise. 
He did not, however, go into details concerning the exception of which he wrote. 
It seems clear that he could not deny the existence of Entamoeba histolytica.  The 
degenerated form, according  to Hartmann, is an abnormal ameba possessing  a 
degenerated nucleus  and destined to destruction. 
We may say,  therefore, according to the view of Hartmann,  that 
this abnormal form does not undergo transformation into the normal 
with a typical nucleus.  Simultaneously with the disappearance of the 
nucleus, the substances given off by it may later form a new daughter 
nucleus of typical structure and the ameba remains in the vegetative 
form if environmental conditions are relatively favorable.  But when 
conditions are unfavorable, the ameba dies without forming the typical 
nucleus; or a cyst having a typical nucleus is formed from the nuclear 
substances,  and  one  to  four  daughter  nuclei  are  developed.  One 
cannot, therefore, say that the ameba which has a degenerated nucleus 
is  a  degenerative form.  The majority of the  "degenerative" speci- 
mens of Hartmann are not genuinely of this form:  We believe them 
to be, on the other hand, atypical forms of Entam~eba tetragena. KAZUYOSI-II  YOStIIDX  401 
Hartmann  also  claims  to  have  established  that Entamteba  tetragena, as  well 
as Entamceba coli, always divides mitotically.  He states: 
Several nuclear  divisions and schizogony, as in Entamaeba coli, were never ob- 
served in Entamceba tetragena.  On the other hand, we frequently observed nuclear 
pictures in which the chromatin was accumulated in a few large particles  on the 
nuclear  membrane.  Such pictures,  however, have nothing to do with  multiple 
nuclear division, but are merely  the expression of cyclic processes, or as we shall 
see later, an indication  of degeneration. 
Concerning  nuclear  division  in  the  degenerative  forms,  Hartmann  says: 
These forms are, as a rule, smaller than the normal, which is obviously attribut- 
able  to the rapid division of  the  amebae at this  stage and to the fact that the 
largest  number of stages of division was found in such cases. 
But Hartmann has not described the manner in which division proceeds in the 
nucleus  without a  karyosome.  It is inconceivable  that  the nucleus  divides  by 
mitosis, inasmuch  as no karyosome is present.  We believe that this is not a case 
of mitosis,  but  a  kind  of amitotic division,  or a  primitive  mitosis  as  described 
below. 
As far as  the  degenerative  chromidia are  concerned,  these  can  be 
interpreted  in  a  similar manner.  In our opinion the nuclei of dead 
cysts are often changed into chromidia.  It is, of course, certain that 
the  genuineness  of these  chromidia is  not incontestable.  Hence we 
believe that it is almost impossible to judge whether  or not  the  chro- 
midia of living ameb~e are genuine, inasmuch as the chromidial forma- 
tion always occurs under environmental conditions unfavorable to the 
ameba.  The behavior of the cytoplasm likewise cannot be taken as  a 
criterion in determining degeneration.  Hartmann probably believed 
our  atypical  forms  to  be  degenerative,  for  the  reason  that  he  con- 
sidered  only a  mitotic,  and  not  an  amitotic  or  primitively  mitotic 
division.  It is also impossible to say whether or not the chromidia of 
Werner are degenerative in character, as affirmed by Hartmann. 
Cyst  Formation  of Entamveba  histolytica.--The  writer  is  in  doubt 
concerning the occurrence of the so called cyst formation of Entamveba 
histolytica,  as emphasized by Hartmann, but regards this phenomenon 
rather as an atypical process of Entamoeba tetragena.  As already indi- 
cated in the reduction phase of tetragena,  one  sees  an  entirely  similar 
procedure in the intermediate and the two atypical forms.  Hartmann 
claims  to  have  observed .in  this  process  increase  in  the  ameba  of 
Entamveba  histolytica,  but  no  enlargement  in  Entamaeba  tetragena. 
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chromidial  organisms.  According  to  our  observation,  the  ameba~ 
did not increase in size, but the formation of chromidia took place in 
the case of relatively large ameb~e.  Hartmann's misinterpretation  is 
probably due to the fact that he examined only the feces of patients, 
and was not able to follow as closely as we did the various develop- 
mental stages. 
Fusion of More than Two Amebce.--In  accordance with the findings 
of Hartmann  and  Wernel  regarding  Entam~eba  histolytica,  we  have 
observed  also  in  the  large  chromidial  organisms  the  fusing  of  two 
ameb~e.  This  process  is  illustrated  in  Figs.  23  to  27.  One of the 
organisms  may show a  rather  markedly'changed  nucleus,  while  the 
other  retains  a  well  preserved  nucleus.  The  two  protoplasms  of 
different specimens vary in their staining reactions.  Whether this is 
a phenomenon of conjugation or plasmc,  gony is not clear.  While the 
author has never observed a fusion of more than three individuals, he 
has  seen  frequently  in  the  small,  vegetative,  and small,  chromidial 
organisms a  thin protoplasmic stem holding together more than three 
individuals  and  also  the  protrusion  of  a  pseudopodium  from  each 
organism.  The cytoplasm of all the individuals varied in respect to 
staining,  formation  of chromidia,  and  vacuoles.  The nucleus in all 
"these  instances  showed  sometimes  a  typical  and  again  an  atypical 
structure  (Figs.  79,  124,  and  129).  It is highly probable that  this is 
not  a  case  of plasmogony,  but  rather  of  rapid  cell  division.  This 
view is based on the picture of budding (Fig. 116). 
From the above facts, however, we may conclude that in the major- 
ity of the forms of Entamoeba histolytica described by Hartmann,  we 
have really transitional  and atypical forms of Entam~eba  tetragena. 
Genesis  and  Significance  of  the  Central  Vacuole  and  Chromidia.-- 
We are of the opinion  that  the central  vacuole is frequently present 
during the encystment of Entamceba tetragena, as in other ameb~e, while 
Hartmann claims that this is not the case.  The vacuole is frequent in 
mononuclear cyst formation, particularly at the time of marked chro- 
midia  formation  (Figs.  12  and  13),  and  disappears  in mature  cysts. 
Its genesis is not yet clear.  In the small vegetative forms there is a 
peculiar formation of the chromidia and central vacuole. 
On the 3rd day of the experiment, i.e. toward the end of the  vege- 
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The nucleus is as large as that seen in the small vegetative form, and 
its structure is alwa)/s atypical.  At times it is difficult to distinguish 
the nuclear membrane,  on account of the accumulation of chromatin. 
About the nucleus appears a broad area, which judging by its struc- 
ture  resembles  expanded  network  of  the  zone  outside  the  nucleus. 
The area frequently shows at fhe periphery a membranous structure, 
which differentiates  the  fine meshed  cytoplasm from this  zone.  On 
the proximal side are  found  a  number  of large  crescent-shaped  chro- 
matin masses.  In this area with its coarse, spongy network one finds 
large rod-like or wedge-like chromidia.  Our first impression was that 
this structure as a whole constituted an enormously enlarged nucleus, 
with the real nucleus a karyosome, and having in its center a centriole. 
Subsequently, however,  upon finding  various intermediary  forms,  it 
became clear that this light zone is not part of a nucleus, but probably 
a  central  vacuole. 
It is interesting  to find several intermediate  stages between these 
structures and  the ordinary chromidial organisms.  The illustrations 
of Figs.  64 to 75 have been arranged  to show in succession different 
stages of completeness.  At first the usual chromidia] organisms pre- 
dominate.  After a  time,  the other structures described above make 
their appearance.  Fig. 66 shows the separation of the cytoplasm as a 
result  of its  flow from  the  zone.  One  can  readily  conceive  that  a 
membrane  is  formed  at  the  surface  of  the  area.  The  author  has 
observed this phenomenon twice in stained preparations  and once in 
a  fresh  preparation.  It  may possibly be  interpreted  as  a  form  of 
endogenous cell formation of the ameba; i.e., a new organism possessing 
a second nucleus arises from the original individual as in the schizogony 
of Entamoeba  minuta  described  by  Popoff.  Fig.  68  shows  that  an 
organism of this kind has independent motion by means of a pseudopo- 
dium protruding from the cytoplasm.  One may observe a degenerated 
nucleus and a  small newly formed nuCleus in the clear zone.  Fig. 63 
shows an ameba which has two such nuclei of equal size, one of which 
is atypical in structure and the other of the newly formed type.  Fig. 
118 represents a cyst within which is an enormously enlarged nucleus 
(central vacuole) and four daughter nuclei which originated from the 
outer chromatin.  Fig. 64 is a  cyst produced under abnormal  condi- 
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tearing away of the plasma.  Its coarse network remains  intact,  and 
the central vacuole is changed into a  cyst.  Figs. 69 and 70 illustrate 
how one-half of the light  zone gradually merges into the cytoplasm, 
while the other is sharply divided from it.  Fig.  71  shows this  area, 
which  usually  contains  a  large  chromatin  body, merging  gradually 
into the cytoplasm.  In Figs.  72 and 73 light areas are shown in the 
neighborhocd of the nucleus and the chromidia, not sharply differenti- 
ated from the plasma.  A  uniform distribution  of chromidia,  coarse 
network, and light z~nes is shown in Figs. 74 and 75.  Whether or not 
Figs. 65  to 68 illustrate central vacuoles, we are unable to say.  But 
as there are various transitional pictures between these structures and 
the typical central  vacuole formations,  we have interpreted  them as 
belonging to such a group.  The sharp differentiation of the light area 
from the  true plasma is in all probability due to the relatively slow 
flow of the protoplasm.  In the earlier stage, where the life processes 
are very active and the movement of the ameba is vigorous, we do not 
find this to be the case, for the active plasmic flow then tends to mix 
the substances given off by the nucleus with the endoplasm.  Later on, 
when  the flow is retarded,  these substances accumulate in a  circum- 
scribed area in the vicinity of the nucleus.  This process also explains 
the merging of the finely reticulated structure of the protoplasm into 
the irregular  coarsely reticulated structure in stained preparations of 
the  large  chromidial  organisms.  It  also  explains  the  irregular  dis- 
tribution  of  the  finely  reticulated  structure  of the  small  chromidial 
organisms in the process of formation.  The light area has an intimate 
relation  to  the  nucleus  and  chromatin.  Frequently  a  narrow  light 
band  surrounds  a  nucleus  rich  in  chromatin  and  chromidia  (Figs. 
75  and  76).  This  undoubtedly consists  of homogenous fluid.  The 
width of the zone is usually in direct proportion to the abundance of 
chromatin  and  inversely  proportional  to  the  plasmic  flow.  With 
abundant  chromidia and  slight plasmic flow, the substance tends  to 
increase  in  the  cytoplasm of the  ameba  and  forms finally a  central 
vacuole. 
Inasmuch as a certain type of central vacuole (Fig. 66) with coarse 
network forms occasionally a  new organism  and  again  a  membrane 
on the surface, we may assume that we have to do here with a process 
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when conditions are unfavorable to amebic life.  The chromidia may 
be interpreted in a similar manner.  They participate in the formation 
of the cyst, as well as the nuclear membrane.  On the other hand, they 
possess the  character  of the primitive  nucleus and are able to prolif- 
erate.  For that reason they may play an important  part  in  the  for- 
mation of the new nucleus, when the original nucleus degenerates. 
The network of the central vacuole stains less intensely on the whole 
than  the  chromidia,  and  is  always  coarse  and  irregularly  disposed. 
Frequently it becomes resorbed and  disappears.  In  other instances 
it contracts in the form of rods or wedges and is changed into chromidia. 
In preparations  stained with  hematoxylin,  one frequently sees chro- 
midia stained with varying intensity. 
The three substances, i.e. chromidia,  meshwork,  and  the  homoge- 
nous substance, stand inintimate relationship.  It is not certain wheth- 
er they arise from the nucleus or the cytoplasm, but it seems  logical 
to  assume,  in  view of  the  facts  stated  above,  that  they have  their 
origin in the nucleus. 
Fate of the Small  Vegetative  and  Atypical  Forms.--When  external 
circumstances  are  unfavorable,  the  small  vegetative  and  atypical 
amebm  assume  a  spherical  shape  with  a  doubly refractive  contour. 
The  further  course of these  two forms is  various.  Sometimes they 
burst  suddenly,  become slightly  refractile, ond  show freed granules 
which finally disappear.  Or they may retain the spherical shape, or 
divide  into  two  equal  parts,  to  pass  finally  into  the  cyst.  Fresh 
preparations  taken from the medium at this stage frequently exhibit 
this  process. 
The  Cyst. 
The  development  of  the  cystic  capsule  has not  yet  been  clearly 
demonstrated.  It appears, however, that it arises in a manner similar 
to the nuclear membrane and the membrane surrounding  the central 
vacuole.  Capsule formation proceeds also through  the admixture  of 
abundant nuclear substance with the plasma.  Hence the nuclear sub- 
stances  appear  to  exercise  a  definite  part  in  the  formation  of  the 
capsule. 
In nineteen examinations we found cysts containing four nuclei only 
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after 24 hours,  another after 72 hours,  and  the  third  after 24 hours. 
In the last instance  we were able to  demonstrate  numerous  cysts. 
The morphology of the cysts found in the culture medium (Figs.  10 
and  99)  corresponds with  the  cysts of Entamceba tetragena obtained 
from  the  feces of persons  convalescing from amebic dysentery.  On 
close observation,  however, the  latter  cysts present  a  different  con- 
stitution.  The  protoplasm  in  some  organisms  shows  a  relatively 
coarse network and stains but faintly with hematoxylin; in others it is 
finely  reticular  and  takes  hematoxylin  intensively.  The  cysts  ob- 
served by us in our experiments correspond to the latter group, while 
the bi- and mono-nuclear  cysts resemble the first group.  The multi- 
nuclear cysts found in three experiments and the binuclear cysts in an- 
other  test were all  observed among  the  small  chromidial  organisms 
with  atypical  nuclei.  This  coincides  with  Hartmann's  finding  of 
degenerative forms just prior to encystment in ameba~ obtained from 
man.  Our observations  also call  to mind  the statement  of Viereck 
that  the nucleus at the time of encystment becomes indistinct  owing 
to the formation of chromidia.  On the basis of  this finding we have 
arrived at the theory that the small chromidial organisms with atypical 
nuclei  constitute the  first stage in the formation of the  tetranuclear 
cyst.  After studying the morphology of the ameba~  from this stand- 
point, and in particular t~e nuclear division, we came to the conclusion 
that amitotic  division into four nuclei may be possible in addition to 
the mitotic division which has already been established. 
Nuclear Division of the Vegetative Forms.--The vegetative forms have, 
as a  rule, one or two nuclei, but never more than  this number.  Cell 
division  in  the  typical  nucleus  always  proceeds  mitotically  (Figs. 
80 and 81), as described by Hartmann.  The centriole divides in two, 
the karyosome forms a  spindle between these parts,  and  the nuclear 
membrane becomes constricted in the middle.  In the atypical nuclei, 
however, cell division varies as follows: 
1.  Mitotic  division,  as  described  by  Hartmann  for  Entamoeba 
histolytiea. 
2.  The nucleus is dumb-bell-shaped and the remains of the karyo- 
some  divide  in  two.  The  centriole  is  not  sharply  differentiated 
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3.  The nucleus without karyosome becomes constricted and dumb- 
bell-shaped, and divides into two equal parts (Fig. 86).  On the nu- 
clear membrane, masses of chromafin appear.  This mod'e of division 
resetnbles amitosis, but it is impossible to say whether or not a prim- 
itive mitotic division of the nuclear membrane has taken place. 
4.  The compact nucleus divides simply into two equal parts (Figs. 
103 and 113). 
5, a. The nucleus elongates and forms a spindle.  At each end of the 
two poles of the spindle is a mass of chromatin which gives rise to a 
nucleus (Figs. 87 and  104 to 106). 
5, b.  The abnormally elongated nucleus expands at both ends and 
assumes a  spherical shape, giving rise to  two daughter nuclei.  The 
membrane uniting them atrophies and disappears (Figs. 83 and 89). 
6.  A  part  of  the  chromatin  passes  into  the  plasma  and  forms 
chromidia.  The latter group themselves into a single or several spher- 
ical or crescent-shaped bodies (Figs. 98, 100, and 101).  In the middle 
of the spherical body a vacuole appears, and surrounding it is a nuclear 
membrane.  In the latter case a  clear area appears,  particularly on 
the concave side, and a new nucleus is formed, while the mother nu- 
cleus degenerates gradually.  At times the daughter nucleus is united 
to the degenerating mother nucleus by a chromatin thread (Fig.  88). 
This formation of the nucleus is frequent shortly before encystment. 
7.  The  nucleus  extrudes .into  the  plasma  abundant  chromatin 
bodies which condense in a circumscribed area and later form a nucleus 
(Figs.  92  and 93).  P~poff  observed  this phenomenon :n Entam~eba 
minuta. 
A similar process occurs sometimes in the small vegetative atypical 
forms, shortly before encystment.  One nucleus has little chromatin 
and resembles a new formation, while tile other becomes pyknotically 
stained  and  degenerates.  Or  the  two  nuclei may be unequal,  one 
being of the usual size and somewhat degenerated, while the other is 
very  small  and  contai~_s  little  chromatin,  like  the  nucleus  in  the 
tetranuclear cyst.  These have probably arisen through a process of 
division as described under 6 and 7. 
The small vegetative forms no longer exhibit motility.  They be- 
come  spherical,  and extrude  from one part a  bud-like,  transparent, 
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finally as large as the mother organism; through constriction it assumes 
a  spherical shape.  In the stained preparations the protoplasm of the 
mother cell is of a  cloudy appearance; the nucleus is polygonal and 
degenerates.  The  daughter  organism  shows  a  few faintly  stained, 
fine granules and a  newly formed nucleus with sparse chromatin, as 
in Entarnoeba histolytica.  In the middle of the nucleus is a very small 
centriole, and near it  a  faintly stained karyosome.  In  addition  to 
constriction, division of the ameba may also occur by budding and the 
formation of two equal parts (Figs. 116 and 117). 
Nuclear Division of the Cyst.--The cysts exhibit pictures of division 
similar to those of the vegetative forms. 
1.  The chromatin which has accumulated in a few large masses on 
the  nuclear membrane  forms  from  one  to  four  small  nuclei  (Figs. 
94, 95, 96, and 125).  The daughter nuclei are found inside the eno> 
mously expanded mother nucleus  (a  form of central vacuole)  (Fig. 
118). 
2.  A  single  nucleus  divides  into  three  or  four  daughter  nuclei 
(Figs. 90 and 91). 
3.  The substances extruded by the nucleus form four small daughter 
nuclei in the plasma,  and the mother nucleus degenerates gradua]iBz. 
The  daughter nuclei are  seen  outside  the  degenerating mother cell 
(Fig.  99). 
We may conclude, therefore, that  the outer chromatin in common 
with the centriole possesses the power of regenerating a nucleus and of 
forming chromidia, and that the typical vegetative form and its cysts 
show mitotic cell division,  wtlile the atypical forms and  their  cysts 
reproduce by amitotic or primitive mitotic division.  Figs. 108 to 112 
illustrate  cysts,  taken from the  feces of patients  convalescing from 
amebic dysentery.  It is clear that the cyst is that of the dysentery 
ameba, since the patients did not harbor  the coli  organism, or a cyst 
of any other type of ameba.  Four daughter cells are visible  and a 
large degenerating nucleus.  This picture is frequently found among 
the tetranuclear cysts.  The degree of degeneration of the large nucleus 
varies.  The process cannot be explained solely on the basis of mitotic 
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CONCLUSIONS. 
Dysentery ameb~e may live for 72 hours in vitro. 
The  transition  of the large vegetative forms into  the  cyst may be 
observed in vitro. 
The  large  vegetative  ameba  always  passes  into  an  intermediate 
:stage before assuming the small vegetative form. 
The  atypical  forms are  dysentery  ameb~e  with  abnormal  nuclei 
and  cytoplasm.  When  circumstances  are  unfavorable  encystment 
takes  place.  Under  favorable  conditions,  on  the  other hand,  they 
may again  change into  typical forms.  The majority of the  "degen- 
erative"  forms  of  Hartmann  cannot  be  so  classed.  According  to 
our  observation,  they  represent  forms  which  have  been  described 
here. 
Hartmann's Entamwba histolytica is really a typical transitional form 
of Entamceba  tetragena. 
The origin and significance of the central vacuole have been eluci- 
dated. 
Nuclear  division  of the  dysentery ameba proceeds in  three  ways. 
The  typical forms divide on the  whole mitotically,  and  the atypical 
amitotically  or in a  primitively mitotic manner. 
In  conclusion  we  desire  to  express  our  obligation  to  Professor  S. 
Ogawa for studying Our preparations,  and to Professor R. Inada  and 
Professor Y.  Ido for  the  stimulus  and  supervision  which  they have 
given  to  our work. 
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EXPLANATION  OF PLATES. 
Figs.  14,  15,  20,  b,  52,  53,  and  54  represent living specimens; the remaining 
figures are from preparations stained with hematoxylin, according to the methods 
of Heidenhain and Delafield. 
PLATE 30. 
FIGS.  1 to 10.  Amebm with typical nucleus. 
FIG.  i. Large vegetative form. 
FIGs. 2 to 4.  Intermediate form. 
FIGS.  5 and 6.  Small vegetative form. 
FIGS.  7 and 8.  Small chromidial organisms. 
FIG. 9.  Mononuclear cyst. 
FIG. 10.  Tetranuclear cyst. 
FIG.  ll.  Ameba in another culture medium, or at higher temperature. 
FIG.  12.  Small chromidial organism with large vacuole. 
FIG.  13.  Mononuclear cyst with central vacuole. 
P~A~E 31. 
FIGS.  14 to 23.  Various transitional reduction phases of amebm. 
FIG.  14.  Passage of excretory matter from posterior wall of ameba. 
FIG.  15.  The elongated mononuclear ameba becomes constricted in the middle, 
and divides into two parts. 
FIG.  16.  The elongated mononuclear ameba becomes constricted in the middle, 
and divides into two parts. 
FIGS.  17 to 22.  Amebm with buds. 
PLATE 32. 
FIGS.  23 to 27.  Fusion of two amebm. 
FIG.  79.  Small vegetative forms, united by a stem. 
PLATE 33. 
FIGS.  28 to 49.  Nuclei, showing cyclic changes of karyosome. 
FIGS.  28 to 31.  Nuclei of large vegetative forms. 
FIGS.  32 to 49.  Nuclei of transitional and small vegetative forms. 
FIGS.  50 and 51.  Nuclei of atypical forms. 
PLATE 34. 
FIG. 52.  Transitional'form. 
FIG.  53.  Small vegetative form, showing pseudopodium. 
FIG. 54.  Small vegetative form at rest. 
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FIGS. 60 to 62.  Small atypical forms. 
FIG.  63.  Small  vegetative  form with  two  nuclei  and  vacuole. 
is typical, the other degenerated. 
One  nucleus 
PLATE 35. 
FIG.  64.  Cyst; endogenous nuclear formation. 
FIG.  65.  Ameba with endogenous nucleus. 
FIG.  66.  An organism freed by tearing away of plasma. 
FIG. 67.  Small atypical form with central vacuole. 
FIG.  68.  Small atypical form with central Vacuole  holding two nuclei, upper 
degenerated, lower newly formed. 
FIGS. 69 to 72.  Small vegetative forms with normal central vacuole. 
FIGS.  73 to 76.  Large chromidial organisms. 
FIGS.  77 and 78.  Small chromidial organisms. 
PLATE 36. 
FIGS. 80 to 99.  Various nuclear divisions and cyst formations. 
FIc.  80.  Mononuclear, small vegetative form.  Mitosis. 
FIG.  81.  Mononuclear cyst.  Mitosis. 
FIGS.  82 to 84.  Small atypical forms.  Primitive mitosis. 
FIG.  85.  Binuclear, small vegetative form, shortly after division. 
FIG.  86.  Small atypical form.  Amitosis. 
FIG.  87.  Binuclear  atypical  form.  One  nucleus  is  dividing.  The  other,  a 
daughter nucleus, is formed from the substance of the mother nucleus. 
FIG.  88.  Small atypical form.  The daughter nucleus is united to the degen- 
erating mother nucleus by chr0matin threads. 
FIG.  89.  Small  atypical  form.  The  elongated  nucleus  enlarges  spherically 
at both ends, giving rise to two daughter nuclei. 
.FIGs. 90 and 91.  Mttltiple  nuclear  division  of  small  atypical  forms,  shortly 
before encystment. 
FIGS. 92 and 93.  Small  vegetative  forms.  Chromatin  condensed  in  circum- 
scribed area, which later forms a nucleus. 
FIGS. 94 to 97.  Encystment of small atypical forms.  Multiple nuclear division. 
Outer chromatin later forms four daughter nuclei. 
FIG.  98.  Cyst with three nuclei; the two nuclei to the left are newly formed; 
the  other is  degenerating. 
FIG.  99.  Tetranuclear cyst with degenerating mother nucleus. 
PLATE 37. 
FIGS. 100 to 117.  Various nuclear divisions and cyst formations. 
FIGS.  100 and 101.  Small vegetative forms with mother nucleus and daughter 
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FIG.  102.  Small atypical form with nucleus showing two constricted masses of 
chromatin. 
FIo.  103.  Small vegetative form with three compact nuclei. 
FIGS.  104 to 107.  Small  atypical  forms.  Nuclear  formation  from  outer 
chromatin. 
FIGS.  108  to  112.  Cysts obtained from  feces of convalescents,  amebic  dys- 
entery. 
FIG.  108.  Cyst with one small and one large nucleus. 
FIGS.  109 to 112.  Cysts  with  four  small nuclei and  the  remnant  of  a  large 
nucleus. 
FIo.  113.  Small atypical form with two compact nuclei. 
FIo.  114.  Small atypical form with two constricted, compact nuclei. 
FrG.  115.  Small atypical form with one large, newly formed nucleus and one 
degenerating nucleus. 
FIGS.  116 and 117.  Budding, dysentery amebm. 
FIG.  118.  The same as Fig. 111. 
PLATE  38. 
FIG.  119.  Large vegetative form.  ×  950. 
FIG.  120.  Constriction of transitional form.  ×  950. 
PLATE  39. 
FIG.  121.  Transitional form with bud.  ×  950. 
FIG.  122.  Binuclear large chromidial form.  ×  950. 
PLATE  40. 
FIG.  123..Small vegetative form.  ×  950. 
FIG.  124.  Small  chromidial  forms.  The  individuals  are  united  by  proto- 
plasmic stems.  X 950. 
FIG.  125.  Encystment,  atypical form.  Multiple nuclear division.  ×  950. 
FIG.  126.  Tetranuclear cysts. 
FIG.  127.  The same as Fig. 67. 
PLATE  41. 
×  950. 
×  950. 
PLATE  42. 
FIG.  128.  Large chromidial forms and large atypical forms.  ×  950. 
FIG.  129.  Small atypical forms.  Many individuals united by thin protoplasmic 
stems.  ×  950. 
PLATE  43. 
FIG.  130.  Transitional forms.  X  750. 
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